Appendix 7
Fate and Transport

The fate and transport of representative stressors can be estimated by a first order decay
model (Eqn. 20), which estimates the final concentration (C) of the representative
stressors in correlation to vertical travel times estimated earlier. This first order decay
model is appropriate for analysis of the organic constituents, because it takes into account
natural attenuation processes such as biodegradation, hydrolysis and sorption (Suthersan,
2002).

C=C,e™ (Eqn. 20)
where: C = Final concentration of stressors
Co = Initial concentration of stressors
k = Decay coefficient of stressors
tc = Travel time of stressors

Half-life (t;2) is defined as the time it takes for stressors to reach half of the initial
concentration. The decay coefficient (k) can be determined by rearranging Equation 20,
substituting the half-life in place of the travel time of stressors (tc) and equating the ratio
of the final versus initial concentrations to 0.5 (Eqn. 21). The decay coefficient (Eqn. 22)
is simplified by rearranging Equation 21. Published values for half-life are available and
were identified for the selected representative stressors (Howard et al., 1991).

S e (Eqn. 21)
CO
k= 0.693 (Eqn. 22)
Ly

The travel time of representative stressors (tc) are determined by multiplying the
retardation coefficient (R) by the effluent travel time (tg) (Eqn. 23). In this analysis, the
effluent travel time is equivalent to the vertical travel time estimated earlier.

to =Rxt, (Eqn. 23)

The retardation coefficient takes into account sorption, a natural attenuation process
which increases the travel time of stressors. The greater the travel time of stressors, the
more time there is for other natural attenuation process to occur, such as biodegradation
and hydrolysis to a lesser extent. Biodegradation results in the degradation of organic
material and may also mediate transformations in the state of inorganic material resulting
in decreasing concentrations over time. Hydrolysis is the process whereby organic and
inorganic solutes react with water resulting in degradation and transformation (Suthersan,
2002). Calculation for the retardation coefficient, for dissolved organic constituents, is
shown below in Equation 24 (Suthersan, 2002).
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where:

K
R=14+L2d (Eqn. 24)

n
Pb = Bulk density = p_ (1-n) (Eqn. 25)
Ps = soil density
n = porosity
K4 = Distribution coefficient= K __f, (Eqn. 26)
Ko = Sorption coefficient
foc = fraction of total organic carbon
1-n)K
R=1+2 =m0 ] (Eqn. 27)

n

Sorption coefficients (Ko.) were obtained from published values for each representative
stressor (Montgomery, 2000). For purposes of risk assessment, conservative values
(indicating the least sorption) were selected to calculate the distribution coefficient and

therefore the retardation coefficient. Ultimately, this produces conservative estimates of
stressor concentrations at the receptors, since the data used relate to the lowest reasonably
expected retardation and the shortest travel time. The calculations incorporated a typical

value for sediment density of 2.63 g/cm’ (Freeze and Cherry, 1979). Weighted mean
porosity values (Appendix 3), based on unit thickness, were used in the calculations.
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